INTRODUCTION
The interest in the study of hydrazone compounds and their metal complexes has recently been grown up due to their biological activities as antifungal, 1-3 antibacterial [1] [2] [3] [4] anticonvulsant, 5 anti-inflammatory, 3 anti-malarial, 6 analgesic, 7 anti-platelets, 8 anti-tuberculosis, 9 anticancer, 10 and a treatment of leprosy and mental disorder diseases.
11
Tuberculostatic activity is attributed to the formation of stable chelates with transition metals present in the cell. Thus, many vital enzymatic reactions catalyzed by these transition metals cannot take place in the presence of hydrazones. 8 Hydrazones also act as herbicides, insecticides, nematocides, rodenticides and plant growth regu-445 lators. Also hydrazones are used as plasticizers and stabilizers for polymers, polymerization initiators, antioxidants. In analytical chemistry, hydrazones find application in detection, determination and isolation of compounds containing the carbonyl group. More recently, they have been extensively used in detection and determination of several metals. 12 Due to the coordination capability of isonicotinoyl hydrazide, which are a primary anti-tuberculosis drug, and its hydrazones which has been widely exploited for many biochemical and pharmacological applications. Metal complexes of 2-acetylpyridine benzoylhydrazone were synthesized and crystallographically characterized.
13 Manganese(II), iron(III), nickel(II), cobalt(II) and zinc(II) complexes of 2,6-diformyl-4-methylphenoldibenzoylhydrazone have been prepared and characterized by elemental and spectroscopic measurements.
14 Cobalt(II), manganese(II), copper(II) complexes of 2-acetylpyridine salicyloylhydrazone and 2-benzoylpyridine salicyloylhydrazone, have been synthesized and characterized.
15 Zinc(II) complexes of 2-Benzoylpyridine-phenylhydrazone, 2-benzoylpyridine-parachloro-phenyl hydrazone and 2-benzoylpyridine-paranitro-phenyl hydrazone have been prepared and characterized elemental, spectral and single-crystal X-ray diffraction analyses. 16 Much work on metal complexes of hydrazones with different functional groups has been reported. 17 The aim of this manuscript is the preparation and characterization of VO(II), ZrO(II), Hf(IV), UO 2 (II), Sn(II), V 
EXPERIMENTAL

Instrumentation and measurements
The starting chemicals were of analytical grade. IR spectra of the solid ligand and complexes were recorded on Perkin-Elmer infrared spectrometer 681 or PerkinElmer 1430 using KBr disc. The 1 H-NMR spectra were recorded with a JEOL EX-270 MHz FT-NMR spectrometer in CDCl 3 as solvent, where the chemical shifts were determined relative to the solvent peaks. The molar conductivity of the metal complexes in DMSO at 10 ), Mw = molecular weight of the complex, g = weight of the complex, Ω = resistance measured in ohms. Electronic absorption spectra were recorded on a Shimodzu 240 using 1 cm quartz cells taking DMSO as solvent. The thermal analyses (DTA and TG) were carried out in the air on a Shimadzu DT-30 thermal analyzer from 27 to 800 o C at a heating rate of 10 o C per minute. Elemental analysis (CHN) was performed in the Analytical Unit within Cairo University (Egypt) by the usual methods of analysis.
Preparation of ligands
The acetohydrazide Schiff bases H 2 L 1 and H 2 L 2 were prepared by refluxing equimolar amounts of salicylaldehyde (1.22 g, 0.01 mol) or 2-hydroxy-1-naphthaldehyde (1.72 g, 0.01 mol) to the solution of 2-(phenylamino)acetohydrazide (1.65 g, 0.01 mol.) in 50 ml absolute ethanol for an hour. The formed solid product was filtered off, washed with ethanol, crystallized from ethanol and dried under vacuum over anhydrous CaCl 2 . .90 (m, 11 H), and δ(CH 2 )= 4.25 ( Fig. 1) . while stirring for four hours. The resulting solid complexes were filtered off, washed several times with ethanol and dried under vacuum.
Preparation of metal complexes
In-vitro antibacterial and antifungal activities
The biological activities of the newly synthesized ligands, their metal complexes and metal salts were carried out in the Botany Department, Lab. of microbiology, Faculty of Science, El-Menoufia University. They have been studied for their antibacterial and antifungal activities by disc diffusion method. 19, 20 The antibacterial and antifungal activities were done using Escherichia coli and Aspergillus niger at 1000 ppm concentrations in solvent DMSO. Where DMSO poured disc was used as negative control. The bacteria were subcultured in nutrient agar medium which, prepared using (g.L -1 distilled water) NaCl (5 g), peptone (5 g), beef extract (3 g), agar (20 g 
C.
Microorganisms were spread over each dish by using sterile bent Loop rod. The test is carried out by placing filter paper disks with a known concentration of the compounds on the surface of agar plates inoculated with a test organism. Standard antibacterial drug (tetracycline), antifungal drug (amphotricene B) and solution of metal salts were also screened under similar conditions for comparison. The Petri dishes were incubated for 48-72 hours at 37 or 28 ºC for the two organisms respectively. The zone of inhibition was measured in millimeters carefully. All determination was made in duplicate for each of the compounds. An average of the two independent readings for each compound was record.
RESULTS AND DISCUSSION
The ligand
, 13 and their metal com- Tables 2 and 3 are compatible with the suggested structure. The structure was formulated as shown in Figs. 2-7.
Mass Spectra of the Ligands
The mass spectra of the Schiff base ligands H 2 L 1 and H 2 L 2 revealed the molecular ion peaks at m/e 269 and 319, which are coincident with the formula weights of the two ligands (269.31) and (319.36), respectively, supporting the identity of their structures Fig. 1 .
IR spectra
The infrared spectral data of the ligands and their metal complexes 2-12 and 14-24 were presented in Table 2 . The infrared spectra of the ligands H 2 L 1 and H 2 L 2 showed a strong band at 1680 and 1665 cm -1 which assigned to carbonyl group n(C=O) of the two ligands respectively. The two medium bands in the 3320-3299 and 3270-3180 cm -1 ranges may be assigned to the n(NH) amino groups of NHCH 2 and CONH, indicating that the ligand is present in the ketonic form in the solid state. 21, 22 The spectrum showed also broad bands at 3438 and 3425 cm -1 which may be assigned to the stretching vibration of the phenolic hydroxyl associated through an intra-molecular hydrogen bonding. [21] [22] [23] The relatively strong bands located in the 1620-1606, 1275-1280, 958-979 cm -1 ranges assigned to the n(C=N) of the azomethine group, phenolic ν(C-OH) 18 and ν(N-N) respectively.
22
The mode of bonding of the ligands with the metal ions can be predicted by comparison the infrared spectra of the complexes 2-12 and 14-24 with that of the free ligands. In case of complexes 2, 3, 5, 7-9, 12-15, 17-20, 22 and 24 the bands characteristic to the phenolic hydroxyl group disappeared indicating that, it takes part in the bonding to the metal ions in the deprotonated form. In the case of com- Compounds Journal of the Korean Chemical Society plexes 4, 6, 11, 16 and 23 the characteristic band of the phenolic hydroxyl group is present and shifted to lower wave number by 6-46 cm -1 indicated that the ligand coordinated to the metal ions through the protonated phenolic hydroxyl oxygen. This suggestion is supported by the higher or lower shifting of the ν(C-O phenolic ) band which appeared in the spectra of the metal complexes in the 1330-1266 range. [24] [25] [26] The bands of carbonyl ν(C=O) and ν(NH) amino groups are appeared at the same position indicating that these groups do not participate in the coordination to the metal ions except complexes 10 and 21 in which shifted to lower frequency indicating the participation of the carbonyl oxygen in coordination with the Ru(III) or Yb(III) ions. But in case of complexes 20 and 22 the characteristic band of carbonyl ν(C=O) and amino ν(NH) groups disappeared indicating that, the ligand bonding with Ru(III) and Yb(III) in dibasic form through the enolic carbonyl oxygen and deprotonated phenolic hydroxyl oxygen The characteristic band of the azomethine group ν(C=N) was shifted to lower frequency compared to that of the free ligand by a value ranged between 6 and 31 cm . This indicated that, the azomethine nitrogen atom coordinated with the metal ions. 17 On the other hand the characteristic band of ν(N-N) was shifted from 958 and 979 cm -1 in the spectrum of the ligands to 991-1035 cm -1 in the spectra of all complexes. The lowering of the C=N frequency and also the increasing in the frequency of N-N confirmed that the azomethine nitrogen atom participated in coordination with the metal ions. This shifting in the ν(N-N) band to higher energy region is due to diminished repulsion between the ions pair of adjacent nitrogen atoms upon coordination. 17 The appearance of a new bands appeared in the ranges 504-692 and 420-534 cm -1 for different complexes may be assigned to the ν(MO) and ν(MN) respectively. 27, 28 The ν as (CO respectively. In unidentate acetate complexes ν(C=O) is higher than ν s (CO
2-
) and ν(C-O) is lower than ν as (CO
). As a result the separation between the two ν(CO) is much larger in unidentate than in free ion but in bidentate the separation is lower than in the free ion while in bridging bidentate the two ν(CO) is closer to the free ion. range which indicates that, the acetate ion coordinates to the metal ion in unidentate manner. 29, 30 The infrared spectra of nitrato complexes 10, 19 and 22 show the presence of coordinated or ionic nitrates. The two strong bands associated with the asymmetric stretch (C2v symmetry, coordinated NO 3 group) appear at 1435, 1333 and 1426 1326 cm -1 for the complexes 19 and 22 respectively. The difference of the nitrate stretching fundamentals at ~1400 and ~1300 cm -1 (∆ν) has been used to distinguish between the degree of covlency of the nitrate coordination. This difference (∆ν) increases as the coordination of the nitrate group increases for monodentate to bidentate and/or bridging increases. The magnitude is used to establish the type of nitrate coordination. In these complexes 19 and 22 Dn are 99 and 101 cm -1 respectively and are typical of unidentate bonding of nitrates. The spectrum of complex 10 shows band at 1385 cm -1 which is characteristic for ionic nitrates (D 3h symmetry, free NO 3 ion).
29,31-33
The infrared spectra of the vanadyl complexes 2 and 14 exhibit a sharp band in the 971-987 cm -1 was assigned to ν(V=O) stretch. 34 The spectra of zirconyl complexes 3 and 15 show band at 736 and 798 respectively assigned to the ν(Zr=O). 35 The infrared spectra of the uranyl complexes 4, 7, 16 and 19 reveal bands in the 940-954 cm -1 range which may be attributed to ν(O=U=O). 36, 37 The spectra of vanadate complexes 11 and 23 show bands at 3325, 1418 and 3300, 1432 cm -1 attributed to the NH stretching and deformation of NH 4 + group respectively. In addition bands in the 977-946 cm -1 assigned to ν(V=O). 34, 38, 39 In complexes 2-5 8-9, 11-12, 15, 19-20 and 24 there are a broad band appeared in the 3347-3480 cm -1 range assigned to lattice water molecules.
39
The spectral and elemental analyses indicated that, the hydrazone ligands behave as neutral bidentate (H 2 L 1-2 ), monobasic bidentate (HL [1] [2] ) or monobasic tridentate ligands toward the metal ions, bonded with the metal ion via protonated or deprotonated phenolic hydroxyl oxygen atom, azomethine nitrogen atom or ketonic carbonyl oxygen atom.
The molar conductivity
The molar conductivity of 1×10 Electronic absorption spectra of the ligands and their metal complexes
The electronic absorption spectral bands of the ligands and their metal complexes in DMSO are reported in Table  3 . The data reveals that, the ligands comprise three sets of bands. The first set of the shortest wave length appeared at 250-265 nm may be assigned to the π→π* transition in the benzenoid moieties which nearly unchanged on complexation. 22, 42 The second set appears at 310-320 and 345-395 nm may be assigned to n→π* of the azomethine and carbonyl group. 22, 39 These bands shifted to higher energy on complexation indicating the participation of these groups in coordination with metal ions. The spectra of vandyl(II) complexes 2 and 14 in DMSO solution show that, there are three bands at 690, 575, 520 and 710, 580, 535 nm respectively which may be assigned to
indicating that, the vanadyl(II) complexes have distorted octahedral structures (Fig. 2) . [43] [44] [45] However the electronic absorption spectra of ruthenium(III) complexes 9 and 21 in DMSO solution displays two bands at 520, 630 and 500, 610 nm. The first band is due to LMCT transition and the second is assigned to
A 2g transition. The band positions are similar to those observed for other octahedral ruthenium(III) complex (Fig. 4, 5) . 46 The electronic spectra of the uranyl complexes 4, 7, 16 and 19 exhibit one band in the 490-530 nm which may be assigned to ligand to uranium charge-transfer transitions. 47 The diamagnetic complexes zircony(II), tin (II), cadmium(II) and hafinium(IV) complexes 3, 5, 6, 12, 15, 17, 18 and 24 do not show d-d transitions. The bands observed in the 420-465 nm range may be due to intraligand transition and (LMCT) ( Table 4) . 48, 49 The electronic spectral data of the ytterbium(III) and holmium(III) complexes 8, 10, 20 and 22 show weak bands in the 430-645 nm range because of weak f-f transition.
50-52
Thermal Analyses (DTA and TG)
The results of TG and DTA analyses of complexes are shown in Table 4 . The results show good agreement with theoretical formula as suggested from the analytical data (Table 1) . Complexes 3, 4, 8 and 9 lost hydrate water mol- ecules in the temperature 75-100 o C range and were accompanied by an endothermic peak. The coordinated water molecules were eliminated from their complexes at relatively higher temperature than those of the hydrate water molecules (Table 4 ). The removal of an HCl molecule was observed for 8 and 9 complexes in the temperature 240-310 o C range, which was accompanied by an endothermic peak. The complexes decompose through degradation of the hydrazone ligand at a temperature over than 500 o C C leaving metal oxides (530-550) range.
Biological activity
The antibacterial and antifungal activities of the ligand and its metal complexes were screened on bacterial and fungal strains using the disk diffusion method. It is important to note that the ligands and their metal complexes exhibit antifungal and antibacterial inhibitory effects than parent ligands and the solution of metal ions. Most of metal complexes exhibit more antifungal activity than standard antifungal drug (amphotricene B). It is also clear that the ligand and its metal complexes have more antifungal activity than antibacterial activity. The inhibition zone diameter of the compounds is shown in Figs. 8 and 9 . The order of antifungal activity of the compounds is (14)>(10)>(4)>(2= (22) ). The increased activity of the metal complexes can be explained on the basis of chelation theory. 53 It is known that the chelation tends to make the ligand act as more powerful and potent fungicidal and bactericidal agents, thus killing more fungi and bacteria than the ligand. It is known that, in a com- Journal of the Korean Chemical Society plex, the positive charge of the metal is partially shared with the donor atoms present in the ligands, and there may be π-electron delocalization over the whole chelating system. 54 This increases the lipophilic character of the metal chelate and favors its permeation through the lipoid layer of the membranes. There are other factors which also increase the activity, which are solubility, conductivity, coordination mode and bond length between the metal and the ligand. The variation in the effectiveness of different compound against different organisms also depends either on the impermeability of the cell of the microbes or differences in ribosomes of microbial cells. 55, 56 The variation of biological activity of the complexes may be due to change in electronic configuration of the metal and also, the environment around the metal ion.
